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^ DUPLfdATE 

W^TEMPER ATDRE METAL OXIDE COATING 

The piesCTt inveotioii xdst^ to a low-tempecatore d&posi^oix method for the depositioii 
of metel oxide coatiugs. In particular liie coQ&rmal coating of sur&ces^ especially 
S . structured siufaces, flat aur&ces and particles. In particular^ the lovr-temperabire 
deposilion me^tihod is suited to con&imal coating of relicxilQted films, zi;9uaocrystallind 
fllm^ and nanopartiol^. 

Several methods have been disclosed for the deposiUon of metal oxide coatizigsL 

One suc^ me&od, and the most common T^o^thod, is based on procursor pyzolysds. 
Typically, in tins insflbod, a colloidal su^ension of semiconductor particles to be coated, 
for example, SaChi TiO^t or ZnO fmrtidesE, is prepared in a sohxtioa containing a 
precnrsor of ihe desized ooatiDg oxid^ for example^ ahnnxniiDGa acetate for an Al^Qs 
coating [1]. The coated particles are then subseqiuently subjected to a liigfarten9>erature 
beat treatmeiit at a temperature of at. least 150 and typically about 450 in order to 
provide &x a complete reaction of the precutsor to 

la another such rdethod, a reticulated film is coaied with a chloride precursor, for 
20 example^ AlCfe or MgCl2. diluted in an alcoholic solution. The coated film is theji 
subjected to a high-temperature heat treatment in order to provide for a complete leactiou 
of the pigpursor to the oxide. 

In a further such method, tsemplates are xitilized. The templates are typically isurfectaat 
25 micelles [3]^ such as cetyltrimethylammonium chloride. Following coating, the coated 
substrate is typically subjected to a heat treatment at a temperature of 100 for 48 hours 
in an ecaclosed reactor, and subsequeoitly. in order to remove the template^ a high- 
temperature heat treatment at a tempedcature of 450 °C for 2 hours. 

• 30 These methods each require a high-temperatuxe heat tteatment, and thus, m particulara are 
not suited to the coating of tenq^ratuie^sensitive substrates- The requirement for a high- 
temperature heat treatment is a signific^t limitation to ihe ap;{dicabiHty of these 
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meftioda, in Emrting fha tedutf ques to tjen^ieratarB-stable substrates, such as glass, and 
Oxs coatings to ones wfaicb compnse temperatui^-^table campoTieiits. 

A low-temperabire depositioii me&od has been deryeloped fbr the deposition of 
5 amoorphons metal oxides 0aio subsbafeS» as embodied a gold-coated quartz crystal 
micjxibalaDce (QCM) [4]. In this nuEtbod, a piecuisor solutioa is prepared of a metal 
alkoxide precnESor in an organic solveixt» for example, tolxiene and etfaandl. The met^ 
aIko?dde in tbe precursor solution is partially hydrolysed, tesulting in a soL The substrate 
is Ihi^ coated by dipping the substrate in the so^ la 
10 liiis xaefhod, the fonnation of a sol is required prior to coaling. As fbe sol comprises 
partially-polyinerised met^ oxide siispended m solnfion^ wliicsh is an optical scattering 
solntioii, file method is particularly tmsuited to the confonnal coating of reticulQcted or , 
nanocrystalline films. 
* ' *. . 

15 It is an aim of the present itiveation:to provide a low-tismperature deposition metiiod for 
Ihe deposition of metal oxide coatings, in particular tbe conformal coating of reticulated - 
Ghns, nanocrystalline films and nanopartides. - - • 

In one aspect the present invention provides a low-temperature deposition metfaod for ^ 
20 depbisxdng metal oxide cofitings oh a substrate^ the method comprising the steps of: 
coating a surface of a substrate with a non-hydiolysed precursor solution of one or more 
moisture-sensitive metal alkoxides in an organic solvent at a temperature of less than 150 
°C; and hydrolysing tiie precursor solution coated on the 5V«£ace of the substrate to form 
a noetal oxide coating at a temperature of l^s than 150 ^C. 
2S * 

Preferably, the one or more moisture-sensitive alkoxides comprise MCOR)^ where M is 
any znetal, and OR is an alkoxide gmnp. 

More preferably, die metal is a metal selected &om die gronp consisting of AI, Ce, 
30 Nb, Si,Sn,Ti. Va^JZnaadZr^ 

Pre&rably, the step of coating a sur&ce of a substrate is perfo^ed at room temperature. 
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hi one embcrdinient the step of coatiiog a sm£ice of a substxate compdses ilie step of; 
dipping Ike sur&ce of Ihe substrate in fbe precursor solBfion. 

Pteferaldy, tbs sor&ce of the substrate is dipped in the pre^nirsor i^lutioxi^ a p^od of 
5 up to about 1 hour, moie pdceferably fiom about 1 tninute to about 1 hour, and even more 
prefer^Iy froia abcrut 10 miiiutestD about 1 ham. 

Jn another eoibodiniaDft: fhe step of coating a sur&ce of a substrate cocopiises fte step of: 
E^pEEQdnglbe sur&ce of ihesufastiEte *witii the pteoursor solution. 

10 

£a a fiirtiiv embodiment the.step of coating a sut&oe of a substrme compiises Hie step of; 
spin-coding the sor^e of the substrate wifb the preoursor solution. 

Fie&rabiy;, Hie step of hydrolysing the precursor solution coated on the surface of the 
15 substrate is peifoixned at roozu tempera^ 

,* 

Preferably, the Step of hydrblysing. the precursor solution coated on the suiface of the 
gubstrate comprises tUe step of: rinsing the surfece of Ihe substrate coated in the 
precursor solution with v/ater, - • . 

20 ■'...» 
Preferably, the coating is a coiifonnal coating. . 

In one embodiment the surface of the subartrate.comprises a flat surface. 
25 In one embodiment the surface of the substrate oomppses a nanocrystalline f3m. 

In another embodknent the surface of liie substrate comprises a p$:rticulate solid fihsL 
In a furtber embodiment the $ui&ce of the $uh5trate comprises a i&tructured surface. 

30 

Preferably, the stractured sur&ce comprises a reticulated filrn. 

In one embodimezrt the substrate includes a temperatuze-sensitive element. 
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In one embodiment the teixqwratorc-sesiisitive elemfiast is selected ftom the group 
cox^isdng of aplastic and a polym^, 

5 In sucTliier embodiment the temperature-seositivs fitement comprises temperaturt- 
sensitive molecules. 

In one piefeirt:d embodiment the molecules ate selected ftom the groirp consistbig of 
inoxganic, organic and organometallic moleeules. 

10 

In another prelfened embodiment the molecules are polymers. 
In a further prefened embodimem the molecnles are biomolecules. 
15 In a yet further preferred embodiment the molecules ace biologioal macromolecules. 

Preferably, the biological . roacxomolecules are- selected from the groirp consisting of 

piotdns and nucleic acids. . \ / 

•I 

20 In one embodiment the molecules are Ht &e snr&ce of the substrate. 

In one embodiment the coaliE^ extends over regions of the surface of the substrate not 
encompassed by the moleoules. 

25 In another embodiment the coating- encapsulates the molecules. 

In still another embodiment the substcate comprises particles. 

In one embodiment the particles conxpiise dry particles. 

30 

In anoth^ embodiment the particles are suspended in sohition. 
Freferablyj. the particles compose nanopardcles. 
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la anofher aspect fihe preseat iiXTesxtioti provides a non-liydiolysed piecarsor solution of 
one otmora moistiue^eoasilive metal alkoxides hi an oxigamc solvent. 

5 Frcsfieorably^ the one or more moisture-s&ni^tive alkoxides coznprise M(OR)s, vAsm M is 
any metal, and OR is an allcoxid© gmtqp. 

More poe&Tdbly, tibe is a metal selected fiom fte group consi^^titDig of Al, Ce, Mg, 
Nb^ SI, Sn. Ti,Va, J&iandZr. 

10 

In a &r£lLer aspect -pc^isni inveaotlon provides a mediod of pr&paring a non- 
hydrolysed pteoursor solution of one or more moisture-sensifive metal alkoxide? in an 
organic solv^it, tiie method oomprising the ^p of imxing one or more moisturs- 
sensitive metat alkosddes in an oiiganic solvent in a controlled environment ooxEtBizdng 
]5 le$s diaa about 10 ppmvvate^^ . k ' 

Preferably J the mefiaod is p^afonned St room Ifi^^ 

Preferably, thie controlled environmeat is an inert atmospbere. 

20 

Preferably, the one or more moisture-sensitive alkoxides comprise M(!OE^ where M is 
any metal, and ORis an alkoxide group. 

More preferably, tiie metal is a metal selected fiom the group consisting of Al, Ce, Mg, 
25 Nb,Si,Sn,Ti, Va.ZnandZr- 

The low-temperatUTB coating method of the present invention allovvs for the deposition of 
coatings having a tMckness of less than one nanometer to hundreds of nanomefters. -widn 
repeated deposition allowing far the depositipn of coatings of inco'eased thix^esd. 

30 

In the context of Hie present invention, low temperate relates to temperatores of less than 
150 in particular encompassing the di^sitlon of coatings at room temperatxue. 
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I^w-tOTiperatutfi processing is attractiw ia reducing cost and eiivironmBntal waste, and, 
xnoi^over, bHaws for ths coadng of tempera£ar&-seiisitlve 5i3b$trates, in particular mpano 
substrates, such as polymers and plastics. 

5 Tbe presetxt mvenlioii finds particular application in the cojotformal coating of highly- 
reticulated inarganic fSms. Such films are udlized in a wide range of phatochemical, 
photocatalytic, optDelectronic and Electronic devica&. Particular ex^xt^es axe tbe vsb of 
niesoporousy naaocrystalline metal. oxide fOtms for optoelectXQnic devices, such as 
photovoltaic or photoel^etroohemical solar cells, ligbt-emitting devices, and 

10 photocatalytic devices for the decomposition of polltrtauts or the photocatalytic 
- scavengiag of oxygen fiom closed etuvironments. . 

Ttie confbmxal coating of retiiculated inorganic films widi a thin layer> typically from 
about 0J2 nm to about 10 nni» of a metal oxide is particularly attractive in enabling 
15 control of the surface properties of such fibias. For esamplca the fehtication of conformal 
ioLSulatitig layers on nanocrystallins metal oxide films provides for the retardation of 
interifacial recombination processes.-. Such barrier layers.^ could comprise low-electron 
affinity meM oxides, such as AigOa, MgO, Si02 or ZrOa. Ibese coatings would be 
particularly attractive fixr d^ce applications including photovoltaic cells and 
20 photochromdc films. 

Another appiicalion is the coating qf metal biKide particles with a b»rier layer to prevent 
photocatalydOs photochemical or other activity. Sudh passivated particles, for example^ 
TiOi particles coated with AhP^ are widely used as whiteners or light scattexers in the 
25 pigixient, ^e and cosmetic indastn$$. 

A fiiniier application is the coating of flat substrates, including tempexatuze-smsitive 
substrates, such as plastics, for example, in order to provide an electdcally-iiosulating 
barrier layer. Such substrates include ITO or F:Sn02 coated plastic or glass. 



A yet fixrther application is the coating of metal oxide £ilms» in particular reticulated and 
nanoc^staUine films, having temperature-sensitive molecules pre-absorbed thereon. 
Such molecules include inorganic, organic and organometallic molecules, polymeits. 
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biomolecules and biological mactomolecules, sock as protexns and rmdmc adds. la one 
fflibodim^ lbs coating caa esctend ova: regions of tiie sur&ce of ihs substrate wbidb ate 
not CTCompassed by liie traipedratuie-sensilive moleoat^. In anotiber embodiznent tby& 
coatii^ can enc^sulate tiie tediperature-sensilivQ molecules. 

5 

Prs&cred embodisnenfs of ifae present invention will now be described her^bibdiow by 
way of example only with Te&rence to the accompanying drawiagg|» in iwlii^; 

Figure 1 illustrates In^-xesolntion TEMs of (a, b) an AI2O5 ovedayer coated on a 
10 naabcz^^taUineTiO^filin, and (c, d) anuncoatBdnanocrystailineXiO^film; 

Figure 2 iltustzat^ fhe current-voltage chasaotedstics of a dtye-sensitizbd, nanociystallizte 
sandwich solar cell structure comprising (a) a T1Q2 film having an AI2O3 conformal 
coating, and (b) an uncoated TiQz fOnoL 
15 . 

In a first step, a stable^ non-hydjrolysed precursor solution is prepared of on© or more . • 
molsf^x&-3eiisitiv<s inetal aUooxides inran organic sblvexxt. 

The moisture-sensitive alkoxides can be expressed generally ai^ M(OR)2, where M is any 
30 metal, OR is an alkoxide group and 2 is the valence or oxidation state of the metal. In 
prefexred embodiments the metal is a metal selected from the.group consisting of Al, Ce, 
Mg, Nb» Si, Sn, Ti, Va, Zn andZr. 

The mental alkoxide precursors are diluted in an oxganic solvent at room temperature^ 
25 typically at about 25 Examples of such solutions include a 0.15 M solution of 
aluminum tri-sec-bntoxide in dty iso-propanol, a 0.15 M solution of silicon meihoxide in 
dry methanol, and a 0.15 M of zitconium iso-butoxide is dry iso-propanol. 



In a preferred embodiment the precursor solution is prepared in an inert annosphere, here 
30 nitrogen^ and under a strictly-controlied water presence, hfia^e less ihan «ibout 10 ppm, in 
order to avoid partial sol<>geI hydrolysis. In this embodiment the controlled, environment 
for the precursor solution is provided in a glove box. 
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The presept inventors have recogni^fl that, -wdth suitahle solvent and precmsor 
concentraiions, the precursof solution is lendered insmsafive to the atmospherCr The 
precursor solution is stable for several months under nojmai attnospheare; ttie solution 
Temsimtkg clear mtiiout any visible pr^^outsor hydrolysis. 

5 

In a second, coattog step, a substrate is coated with the precursor solution. In iMs 
embodiment by dipping the substrate in the precursor solution for a period of from about 
10 nainutes to 1 hour at room. traxperatiBre under aerobic conditions. In alternative 
embodimsnts die substrate can be coated using alternative coating techniques, such as 
10 spraying or spin-oo$*ing. 

In athirdariiiBUigstq^ the coated sad&c^^ snjbstratcifi rinsed wifh^ter. 

Where thicker filTns aie requited, die. coating procedure of the coating and rinsing steps is 
15 repeated as required. 

In tbe coating step, fbs- non-hydrolysed metal alkdxides start reacting with the 
hyditi^lalBd sur^e of tiie substrate^ leading to the formation of a pdmary shdl. 

20 In the riTifrftig stq)p the rinsing of the sur&ce of the substrate with water drives to 
completion the hydKolysis of the metal alkoxides, and causes the fbxination of intra- 
polymedc branches and bonds bef^fveen the primary metal alkoxides adsorbed on the 
surface of tixe substrate. As the metal alkoxide precursors are moisture sensitive, tiie 
ptrecm^ors are fully hydrolysed in the preseaice of water, allowix:^ the reaction to go to 

25 completion dudng the rinsing step, therelgr obviatii^ the requirement for a high- 
ten^jerature heat treatment stsep- Followhig the riaismg stqp, a hydroxylated surfece is 
fbrmed on ihe new metal oxide shell, which hydroxylated sux&ce enables further coating^ 
if desired, and thereby a homogeneous increase la the shell tbickn^s. 

3D A particular advantage of fhe coating method of the present inventioji is in enabhng tii© 
deposition of con&rmal metal oxide coatings on reticulated or particulate substrates, 
without the requirement for any high-temperature heat treatment, tiist i5> a heat treatment 
at a tempetsture typically above 150 
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The pres&A inveuiicm will now be described hereinbelow by way of example coaly with 
xefbjDemce to tfse &Iloinnng non^EmTring Exampte. 

5 Example 

This Example is directed to tbe febdcadon of a nanocTystaDiue saadwlch. solar cell 
structDie comprising an RuL2(KCS)2 s^ositized AI2O3 coDfoxmal coatixig on a TiQa film. 

iO In a fin^ preicursor piepaiatioa step» a 0,15 M piecursor solution ^vas porepaxed of 
aluminum tri-sec-butoxidfi in diy iso-propaaol- 



In a second, coating st&p, a prefbntated mesoporom, naaocrystalline TiOi film having a 
thickness of 8 \xm vvai ooated xviUi the precursor solution by dipping the fQm in &e 
precursor solution at room temperature for 10 jmnutes. Sxxcb TiOj films can b^ 
febricated either by sol-^gel chemistry on glass sub^lratBs, or by hi^-ptessnre 
compfei&sion of nanopardoles on plastic 5ubstr£Dte 



15 



20 



The coated fSm then rinsed in de-ionized water to form em AI2O3 coofonosl coating. 

The AI2O3 con&nnal coating was dried in. nitrog^ gas, and then sensitized ov^iiigbt in 
a 1 mM solution of RuLiCNCS)^ in 1:1 acetonitrile/tert-brutanol. 



25 
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Figures 1(a) $nd (b) illustrate high-iesokrtion TEMs of a fragment of the deposited Al^Os 
confonxial coating, with Figure 1(b) being at higher roagnifioatian. For te^exence. 
Figures 1(c) and (d) iljustmte high-resolution TEMs of a fragment of ad uncoated 
nanoctystalline TiOa fihn* Tvith Figures 1(c) and (d) being at the same respective 
magnificaijQns as Figures 1(a) and Q>). The high-resolution TEM data shows thd 
thickness of the Al^O^ confbnnal coathig at about 1 rnn. 

Figure 2(a) iliustrotea the cuixevit-YoIta^ charafitexistics of the lesuliing dye-sensitized 
structure. For reference. Figure 2(b) illustrates tbe current-voltage characteristics of an 
uncoated nanoctystalline TiOx fihn. The determined dam was obtained ior ttansparent 
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counter electrodes and a ceiU aclivB area of 0.« csrn^ under AMl-5 simulated sunlight at 
1 00 mWoa^^ wth. the insert sfhowing the correspondrng dark cunsmt data. 

As will be noted, the Al^Oa confbrmal coodng of the prsswit invention provides a 
5 significant improveixient in device perfotmanoe^ with the solar-to-electrical power 
conversion efiSciency imsr«sing by 30 %. 

Finally, it will, be understood that the present invention has been, described in its 
preferred embodiments and can be modified in many different ways without departing 
i 0 from the scope of liie ijxvention as defined by the. appended claims. 

: 

Numerous minor modifications of the described coating method can be envisaged to 
optimize the method for dififerent applications;; including, .minor, low-temperatuic heat 
treatmenlSa and different precursors, precursor concentrations and. solvents. 
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CLAIMS 
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25 

7. 

30 

8. 



A low-tBmpezaturd deposition metbod for d^ositbg metal cndde coatings on a 
substrate^ the xaefhod comprising tbe steps o£ 

coaticng a surfiace of a JSubsCrate witix a non-bydioIyBed precmsor soliidoa of one 
or more moisture-seiisitive metal alkoxides in an ofgaoic solvent at a temperatiue 
of less Hian 1 SO 'C; and 

hydiolysing the precm^or solution coated on lhe snzf ace of the substrate to £yim a 
metal oxide coating at a temperature of less fban 150 °C. 

The mefhod of claim 1, wberein the one ot more moisture-sensitive alkoxides 
comprise MiOK)^ wiiere M i$ any metal, and OR is an alkoxide gxoup. 

The method of claim 2, ^vherein the metal is a metal selected from the group 
consisting of Al, Ce, Mfe Nb, Si, Sn, Ti, Va, Za and Zr. 

The mefhod of any of claims 1 to 3, wherein die step of coating a sur&ce of a 
substrate is performed at room temperature. 

The method of any of claims 1 to 4, wherein the step of coating a surfece of a 
substrate comprises the step of: 

dipping the surface of the substrate in the precursor soliilioiL 

The method of claim 5^ wherein the surface of the substrate is dipped in the 
precursor solution for a period of firom about 1 minute to about 1 hour. 

The method of any of claims 1 to 4, wher^ the step of coating a sut^e of a 
substrate comprises flie step of: 

spraying the'sur&ce of liie ^bstrate vriUh. the precursor solution. 

Tlie method of any of claims 1 to 4, wherein the step of coating a suifkce of a 
substrate comjpiises the step of: 

spinrcoating -file suc&ce of the substrate vvith fte precmr^or solution. 
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9. The method of any of datms 1 to 8. wherein the step of Ixydrolysing &e piecutsor 
sohrtioa coated on ihe.sut&ce of the substrate is perfozmed at xoom tcupipecatare. 

5 10. Tbe method of any of cilaims 1' to 9, wherein tixe step of hydiolysmg the precuisor 
solxitiaa coated on the sur&c9 of the sabstr?^ 

linshig the sur&cs of the subi?txafie coated in the precursor solution with water. 
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11. The mefiiod of any of cLeuhzs 1 to 10^ Miietein the coating is a confozmal coating. 

12. The method of any of dlauns 1 to 11> v4ierein tibe sorfaoe of ihe sisbstfrate 
comprises a flat sai£u^. i- . 

13. "Hie method of any of clahns 1 to 12^ Tvfaeiein the suiface of the substrate 
1 S comprises a nano^stalline fihn. 

I' 

14. The method of aoy. of claims 1 In 12, \vherdh the surface of tihe sobstrate 
compiises » particulate solid fflm. 

20 15- The metiiod of any of claims 1 to 11, wher^ the sutfece of tiie substrate 
comprises a structured surface. 

16. The method of claim 15^ wherein the stnictored surface comprises a reticulalsd 
d51m. 

'25 

17. The method of any of claims 1 to 16, wherein the substrate includes a 
tem.perature-5ensitive element. 

IS. The method of claim 17, wherein dxe temperature-sensitive element is selected 
30 firom the group consisting of a plastic and a polymear. 

19. The method of claim 17, wherein the temperaturo-sensitive elemept comprises 
temperatUTB-sensitlve molecules. 
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.20. The mrfhod of demi 19^ wlw^ein the molecwlos are saleoted ftom Ihe fiioT5> 
consosting of iaocganic, oi^aDi^i aad organomstallic molecules, 

f 21 . The method of oMm 19. ^^diesrraxi the molecules are polymeis. 

22. The metiiod of claim 19, whcran the molecules are biomolecules- 

23. The method of claim 19, -wherein the molecules are Ijiological macromoleoulea. 

10 ' > 

24. The method of cLaun 23, whereirL Ihc biological .maoxomolecules are selected 
from the group conaistiiig of proteins andmioieic acids. 

25. ' The method of any of claims 19 to 24, whciein the.molecules are at the surfece of 
15 the substrate. 

■ ' 26, The method of claim 25, ^i^reui thie coating eiscteiids over regions of the surface 
of the substrate not enconspassed by the molecules.: 

2D 27- The method of claim 25, wherein the coatixig encapsulates the molecules^ 

28. The method of any of claims 1 to 1 1, wherein the substrate comprises particles. 

29. The method of daim 28, wherein the particles comprise dry particles- 

25 

30. The mediod of claim 28, wh^in the padicles are suspended in solidion. 

31. The method of any of claims 28 to 30* Twheteiii the particles comprise 
nanopardcles. 

30 

32. A non-lrydrolysed precursor solution of one ox mojie moisture-sensidve metal 
alkoxides in an organic solvent 
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33. Tbe pzeciirsor solutioii of claim 32, wlnoredft Ibe one or mote moistcze-sezishive 
alkoxi^ oon^xise M(OR)z, vfbsxc M is my metalv and OR is an atkosdde group. 

34. . Tbepieciirsorsoludoiiof ol£dm33»\vfa6!^ 

5 gcox^ eonasting of Al, Mg. Nh, Si, Sn, Ti, Va, Za ajad2x, 

35. A mediod of pirqpariog a non-hyiJrolysed pi^cittsor isoludon of one or xDcac 
moL5fnjr&-5eEisxti metal allEioxides m ap ar^xdo solveixt, the method c^ompiismg 
tte $bsp of mixing one or iziore jpioistui^-sensitive metal alkosides in an organic 

10 solvent in a controlled envhonment coniaining less than about 10 ppm water. 

36. The method of claim 35, \vb&re perfoinLed at room teanpCT^sufe. 

37. Hie melhod of claim 3S or 36, ivhecein tise contcoUed CTVxrcnzneiit is an iaert 

15 
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38, ' Tfre method of any of ' claims 35 to. 37^ ^vhere^n the one or more moistvpe-; 
s^isiiive alkoxtdes comprise MCOR)^, >wiierQ M is any metal, and OR is an 
alkoxide group, 

39- The meithod of claim 38, wherein the metal is a m^tal selected iftom the group 
consisting of Al, Ce, Mg, Nb^ Si, Sia, TU Va, 2n and Zr. 

40. A low-temperature deposition mfiliod for depositing metal oxide coatings on a 
25 substrate substantially aa hereinbefore described wrth re&re^ce to Figures 1(a) 

and (b) aad Figure 2(a) of ifhe accompanying drawings, 

41. A low-temperature deposition method fbr depositing metal oxide coatings on a 
substrate subst^tially aa herainbc&re desmbed with rel^rence to the Example. 
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42. A non-hydrolysed precursor solution of one or. more moisture-sensitive metal 
alkoxidess in an organic solvent substantially a3 hereinbefore described with 
teferance to Figures 1(a) and (b) and Figure 2Ca) of the accompanying drawings. 
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43. A xum-hydrols^ed piecursor solution of one or moi© moisture-seoasifive metal 
alkoxides in an acinic sotvetit substantiaDy as heieinbefbre described wrth. 
re&rence to the Example. 



IQ 



44. A method of preparing a noji^hydrol^^ed precursor solution of one ot more 
moismre-s^jsitive mfital* alkoxides in an organic solvent substantially as 
he^inbefbie described wiffi reSferenoe to Figures 1(a) and (b) and Figure 2(a) of 
die accompanyijig drawings. 

45, A method of preparing a non-hydrolysed precursor solution of one or more 
moisture-sensitive metal alkoxides in an organic solvent substantiaDy as 
hereinbe&}re described reference to Uie Exant^le. 
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ABSTRACT 



T n-yy-TFMPRttATTJRE METAI. aXmK COATING 

5 A low-^cnpeiatme deposition xnethod fox depositing m&tal oxide coatings on a substrsd:^ 
the mssihod conxprising the steps of: coatiiig a Sfuiface of a substrate wife a non- 
hydiolysed ptrecoisor soliTtibti of one or more molsfture-s^nsithre mdtsl alko^ddes ia fan 
oxganic solvent at a tenrpecature of less fban ISO and hydrolysing the precursor 
solution coated on Ihe sui&ce of the substrate to form a tiaetal oxide poating at % 

10 teaE3iperature of less li&an 150 ^C. 



(Figure 2] 
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